SYNOPSIS Six patients with idiopathic Parkinsonism were treated with a combination of amantadine and L-dopa and after 12 to 24 weeks amantadine was replaced by placebo for a six week period in a double-blind trial. Although there was a tendency for clinical disability ratings and scores on objective ratings of motor skills to deteriorate initially after amantadine removal, there was no significant deterioration in clinical improvement or motor performance during the period of amantadine withdrawal. Amantadine withdrawal also failed to cause any significant change in plasma concentrations of L-dopa or its metabolite 3-methoxy-dopa in these patients. In a group of 27 patients seen regularly as outpatients measurements of plasma L-dopa failed to correlate significantly with either oral dose or with clinical improvement scores. The plasma concentration of 3-methoxy-dopa, however, was on average 2.8 times higher than that of L-dopa, and there was a significant correlation between plasma levels of this metabolite and clinical improvement. It is suggested that 3-methoxy-dopa may contribute significantly to the therapeutic actions of L-dopa in Parkinsonism.
Amantadine and L-dopa are in widespread use, either singly or in combination, in the treatment of patients with Parkinsonism. The combination of amantadine and L-dopa has been claimed to be more effective than L-dopa alone, although not all trials have confirmed this synergism (for review see Parkes et al., 1973) . Amantadine has also been shown to decrease the daily L-dopa therapeutic dosage requirements and it has been suggested that amantadine may decrease the extracerebral metabolism of L-dopa, thus rendering more drug available to the central nervous system (Peaston et al., 1973) . In the present study we present clinical and biochemical findings in a group of patients treated with the combination 1 Present address: Department of Neurology, St. Bartholomew's Hospital, London E.C.1. (Accepted 16 August 1974.) 129 of L-dopa and amantadine, or with L-dopa alone which do not appear to support the latter conclusions. In addition, we report that only a poor correlation exists between plasma concentrations of L-dopa and clinical improvement in patients with Parkinsonism, although there is a significant correlation with the plasma concentration of the metabolite 3-methoxy-dopa. preliminary experiments showed that both compounds were stable under these storage conditions. Plasma samples (4 ml) were deproteinized by addition of 4 ml ice-cold O.4N perchloric acid, and stand-ing for at least 15 minutes at ice temperature. The samples were centrifuged and the supernatant fluid adjusted to pH 2.0 by addition of potassium hydroxide. The supernatants were then passed through columns (2.5 cm x 0.6 cm diameter) of the ion exchange resin Amberlite CG-120-Type II-H+ form. The resin was washed with 10 ml distilled water, and both amino acids eluted in 10 ml of a O.1M sodium phosphate buffer pH 6.5. In experiments in which known amounts of L-dopa or 3-methoxydopa were added to plasma samples the average recovery of L-dopa was found to be 90 ± 2%y and of 3-methoxydopa 73 ± 3%/ (mean± SE n= 12). All values were corrected for these recoveries.
L-dopa was assayed in 1 ml samples of the eluate by addition of 0.05 ml 0.25%4 (w/v) potassium fernicyanide, and after three minutes addition of 1.5 ml of alkaline ascorbic acid (9 vol 5N sodium hydroxide:1 vol 2%. ascorbic acid). After mixing and standing at room temperature for 30 minutes samples were read in a spectrofluorimeter with excitation wavelength= 370 nm and recording= 520 nm. Blank samples of eluate were treated in the same way except that sodium hydroxide was added three minutes before the addition of the ascorbic acid; 'faded' blanks of this type gave readings not significantly different from those of reagent blanks, in which 1 ml of phosphate buffer was used in place of an eluate sample. The sensitivity of this assay-that is, the amount of amino acid needed to give readings twice as great as those of blank samples-was 16 ng L-dopa.
Concentrations in plasma down to 0.05 tug/ml could be accurately measured.
3-Methoxydopa was assayed in parallel 1 ml aliquots of the eluates by a method similar to that described for homovanillic acid by Anden et al. (1963) , for 3-methoxydopamine by Guldberg et al. (1971) and for 3-methoxydopa by Fahn et al. (1972) In a smaller group of six patients with idiopathic Parkinsonism taking part in a special study of the use of the drug combination L-dopa + amantadine, the patients were seen at frequent intervals and assessed by more detailed questionnaire and physical examination. An overall disability rating on a scale of 0-32 maximum was determined by scoring 0-8 on the following parameters: tremor, rigidity (0-2 in each limb), gait, and 0-4 on finger dexterity and facial expression modified from Dallos et al. (1970) . All assessments were made by a single observer (J.B.P.). A rating of 0-63 maximum for 'activities of daily life' was also determined by scoring the following: movement in bed, movement out of bed, washing, eating, dressing, and communication in a proforma modified from that described by GodwinAusten et al. (1969) . These patients were assessed at intervals of two weeks for periods of up to 44 weeks; they were all treated initially with the combination L-dopa + amantadine, and placebo tablets were substituted for amantadine for a six week period after stabilization on the drug combination (12-24 weeks after commencing the study). The substitution of placebo was carried out in a double-blind manner, drug allocation being made by the pharmacist.
FORMAL ASSESSMENT OF MOTOR SKILLS The patient sat facing a horizontal testing board with circular metal discs mounted on its long axis. He was instructed either to hold a stylus in the preferred hand or a pair of styli, depending on the test, and to touch the targets in specified sequences. A set of tasks of increasing difficulty was presented. Before each of the tasks clear instructions and a demonstration were given, the patient being allowed to practise briefly before the actual test trials were run. On each test he was asked to make as many of the specified movements as possible during a 10 second interval. 5. Converge/diverge The discs remained in the same positions and the patient was asked to use both hands and to tap simultaneously between 2 and 1 and 3 and 4, starting at positions 2 and 3.
6. Patternied tapping The preferred hand only was used and the patient asked to tap between 1 and 3 until a verbal signal was given (after five seconds), whereupon he was required to change as quickly as possible to tapping between 2 and 4. The trial then continued until 10 seconds had elapsed. The patients were tested on this battery of tests on each hospital visit immediately after the clinical assessment had been made. Testing continued when the L-dopa dose had reached its clinical maximum and during the double blind experiment with amantadine withdrawal.
STATISTICAL ANALYSIS Values for dosage of L-dopa (in mg/kg), in absolute dose per day, size of last dose, and time interval from last dose to time of blood sampling, and plasma concentrations of L-dopa and 3-methoxydopa, together with clinical rating scores were assembled in a table and a FORTRAN programme written to calculate the matrix of partial correlation coefficients, using the method of Draper and Smith (1966) . These coefficients were tested for significance by reference to a table of the distribution of r (Dixon and Massey, 1969, Table 30 ). The Kendall rank correlation coefficient (Conover, 1971) was used for analysis of the relationships between these variables and the ordinal data of the disability rating scales. A FORTRAN programme was written to compute and test the significance of the relationships between the disability scale and each of the other variables, including also the number of days since starting L-dopa therapy.
RESULTS

COMBINATION OF L-DOPA AND AMANTADINE Five
of the six patients examined showed a marked improvement in clinical state during treatment with the drug combination, this improvement was seen by a significant reduction in both the 'disability' and 'activities of daily life' ratings, which tended to continue for the entire period of the trial-up to 40 weeks after commencing treatment (see for example, Fig. 1 ). The dose of L-dopa was stabilized after eight to 12 weeks and at different times from the same patient, although an approximately constant level was reached in most patients soon after the dose of L-dopa was stabilized (Fig. 1) . This concentration ranged however, from values of 1 ,g/ml or more (as in Fig. 1 ) to values as low as 0.2-0.3 ,ug/ml in other patients. There was little or no obvious correlation between clinical improvement and plasma concentration of L-dopa, the one patient who failed to respond to drug treatment had plasma concentrations of amino acid in the normal range.
PLASMA CONCENTRATIONS OF L-DOPA AND 3-METHOXYDOPA IN OUTPATIENT GROUP There was again a wide variation in plasma concentrations of L-dopa and its metabolite 3-methoxydopa between patients, and between samples from the same patient taken at different times. Part of this variation stems from the difficulty of obtaining plasma samples at a fixed time interval after the last dose of L-dopa in an outpatient population. In a small number of hospitalized patients serial blood samples were obtained after a single oral dose of 500 mg L-dopa, and the results from these showed that plasma concentrations of L-dopa reach a maximum within two hours after a dose of the drug and decline in the following two hours (Fig. 2) . In the samples from the small number of patients studied in the drug combination experiment, average values of 3 Mean values for plasma L-dopa and 3-methoxydopa at various times after last dose for six patients assessed at regular intervals during treatment with 1.5-3.5 g L-dopa per day. Values were collected at various times after last dose during the course ofthe trial, and are not serial samples as in Fig. 2 ; means ± SE for six to 18 values. the data acquired during the trial showed a similar decrease in L-dopa concentrations with time after last dose (Fig. 3) , although plasma concentrations of 3-methoxydopa did not seem to fluctuate as markedly with time interval after last dose (Fig. 3) .
Plasma concentrations of 3-methoxydopa were consistently higher than those of L-dopa. In 27 patients in which the plasma concentrations of the two metabolites were estimated two to three hours after the last dose of L-dopa the concentration of 3-methoxydopa was greater than that of L-dopa in every case, the mean ratio 3-methoxydopa/dopa in these 27 patients being 2.84 + 1.59 (SD) . Absolute values for 3-methoxydopa ranged from 0.4-4.0 ml (Table 2) .
Statistical analysis of these results showed that there was a highly significant correlation of plasma L-dopa and methoxydopa concentrations with one another (Table 2) . Neither concentration, however, correlated significantly with the dosage of L-dopa used. There was a significant correlation between plasma L-dopa concentration and time interval between administration of last dose and blood sampling. Clinical rating scores correlated significantly with time after start of therapy, and surprisingly with plasma methoxydopa but not with plasma L-dopa values (Table 2) .
MOTOR PERFORMANCE WITH COMBINATION OF L-DOPA AND AMANTADINE Five of the six patients studied showed a steady improvement on the various motor tests during the weeks that the combination treatment was given and the L-dopa dose increased. The performance in one patient on four of the tasks (J.P. for whom the plasma L-dopa/disability rating correlation is illustrated in Fig. 1 ), is presented to illustrate the gradual improvement in formal motor acts (Fig. 4) . In a larger group of patients with Parkinsonism treated with L-dopa we were unable to detect significant correlations between plasma concentrations of L-dopa and clinical improvement. Plasma concentrations of 3-methoxydopa, however, were high relative to those of L-dopa in all patients, and there was a significant correlation between these values and clinical improvement. 3-methoxydopa is known to be an important urinary metabolite of L-dopa in man (for review see Allen, 1973) , and the present results confirm that it is also an important circulating metabolite. The presence of a substantial pool of 3-methoxydopa in the circulation and in body tissues may be of neuropharmacological importance in the treatment of Parkinsonism with L-dopa, since it has been suggested that 3-methoxydopa may be metabolized in part by 0-demethylation to give rise to the parent drug (Bartholini et al., 1972) .
The lack of correlation between plasma L-dopa concentrations and clinical improvement ratings has been reported by others (see Morris, 1973) . This is perhaps related to the possibility that clinical improvement on L-dopa treatment is dependent on the variable degree of degenerative damage to dopaminergic systems in the basal ganglia of patients with Parkinsonism. Jequier and Dufresne (1972) and Curzon (1973) reported that patients with the most severe impairment of normal dopaminergic function, as assessed by reduced concentrations of the dopamine metabolite homovanillic acid in the cerebrospinal fluid, were more likely to show significant improvement on treatment with L-dopa than those with less severe damage. Thus, because of the variability of the biochemical deficit in different patients, no simple correlation between oral dose or plasma concentration and therapeutic response could be expected.
